Aberrant microtubule organization can result in genetic abnormalities in protoplast cultures of Vicia hajastana Grossh.
Protoplast cultures of Vicia hajastana have a high division frequency. However, 20-40% of the microcolonies fail to develop beyond the 20-30-cell stage. Aneuploids and polyploids were found in early divisions and persisted in older cultures. The resulting protoplast-derived suspension culture differed karyologically from the original culture. Karyokinesis and cytokinesis were studied using simultaneous staining of microtubules (MT) by immunofluorescence, DNA by Hoechst 33258 (2-[2-(4-hydroxyphenyl)-6-benzimidazoyl]-6-[1-methyl-4-piperazyl]benzimidazole) and cell walls by Calcofluor. Freshly prepared protoplasts showed mitoses and high frequencies of binucleate cells, which probably resulted mainly from failure of cytokinesis. In early divisions, many mitoses showed metaphase chromosomes with kinetochore MT but lacking polar MT. These aberrant mitoses probably accounted for an increase in hyperploid cells observed in protoplast cultures. Multipolar spindles, which gave rise to hypoploid cells, were also seen in the early divisions. Telophase abnormalities included dislocated phragmoplasts and incomplete formation of cross walls. Many divisions resulted in daughter nuclei of unequal size. Unequal segregation of chromosomes was detected by cytofluorimetric measurements of telophase nuclei stained with Hoechst. After 5 d of culture, 91% of the divisions with incomplete cross walls also contained different-size nuclei; conversely, 78% of the divisions with fully formed cross walls contained nuclei of equal size. The malfunctioning of spindles and phragmoplasts in the same cells indicates a functional interdependence of the different MT configurations in mitosis. During the first 24 h of culture, a high frequency of abnormalities was found in spindles, cross-wall formation and chromosome segregation; this was reduced substantially in the cells undergoing first division by 48 h. The data indicate that it may be possible to manipulate the frequency of abnormalities by controlling the onset of the first division in protoplast cultures.